Summary.-The response to x-radiation and to bleomycin has been measured at a number of times during the life of monolayer cultures of EMT6 mouse tumour cells. Little change in radiation sensitivity was seen at any time and no loss of the shoulder to the survival curve occurred. Cultures in early plateau phase (where a considerable amount of cell proliferation is balanced by cell loss) showed a reduced sensitivity to bleomycin when compared with cells in exponential growth. However, after a longer period in plateau phase, when proliferation had virtually ceased, the sensitivity became greater than that of exponential phase cells. These findings are discussed with reference to the conflicting results of other workers.
IT is well established that the radiation response of cultured mammalian cells may change as the cells pass from exponential growth into plateau (or stationary) phase. The changes in the survival curve are not, however, consistent from one cell line to another. Among changes which have been reported are a reduction in extrapolation number with little change in slope (Stewart et al., 1968; Revesz and Littbrand, 1969) , an increase in extrapolation number with little change in slope (Durand and Sutherland, 1973) and a decrease in slope with little change in the extrapolation number (Little, 1969; Berry, Hall and Cavanagh, 1970) .
More recently, contrary results regarding change in sensitivity to bleomycin (BLM) upon passage of cells from exponential growth into plateau phase have been reported. Two groups of workers have reported an increase in sensitivity (Hahn et al., 1973; Barranco, Novak and Humphrey, 1973) , whereas two other groups have reported the opposite finding (Twentyman and Bleehen, 1973; Mauro et al., 1974a) .
Detailed investigation of the proliferation kinetics of the iEMT6 mouse tumour cell line in our laboratory has revealed that the plateau phase may be divided into two quite distinct stub-phases with very different proliferation characteristics (Twentyman et al., 1975) . In this paper we describe the changes in radiation and BLM sensitivity which occur with increasing age of the cultures.
MATERIALS AND METHODS
The cell line.-The cells used in this study were designated EMT6/M/CC. These originated in a mouse alveolar tumour nodule, were successively transplanted between animal and in vitro culture (Rockwell et al., 1972) Fig. 1 . In the inset table are shown the plating efficiencies obtained at the various times during these experiments, and also the 3_H-TdR pulse labelling indices previously determined for this culture system (Twentyman et al., 1975 Radiation response (Fig. 2, 3) The data for radiation survival have been computed using least squares analysis (by the courtesy of Dr T. Alper) and the values obtained for Do, n and Dq are shown in Table I (Fig. 4, 5) The curve obtained at 2 days is of the characteristic biphasic shape for asynchronous exponential phase cells (Barranco and Humphrey, 1971 Twentyman & Bleehen (1973) the curve is restored and the sensitivity is similar to that seen at Day 2. The sensitivity at Days 14 and 18 is much greater than that of exponentially growing cells and the curves are comparable with that obtained for plateau phase cells by Barranco et al. (1973) . These results confirm the findings of multiple preliminary experiments which always showed a reduced sensitivity to BLM on Days 4 and 6, and an increased sensitivity by Day 14. In an earlier determination of the Day 10 sensitivity, we also found a cuirve very close to that of Dav 2 cells.
DISCUSSION
The results for change in radiation response reported here show that there is no loss of shoulder on the survival curve even in very old (18 day) cultures in which there has been virtually no proliferative activity for 10 days. The suggestion by Hahn and Little (1972) that loss of shoulder may be associated with prolonged low proliferative activity wouild not therefore appear to hold for the cell line used here. Because of the relatively high extrapolation number for exponential phase cells of this line, the confidence limits on the estimate are wide. No great change in extrapolation number or Dq occurs between exponential phase and Day 6 when over 7000 of the cells are located in a pre-synthetic phase of the cell cycle (Twentyman and Bleehen, 1973) . A relevant observation has, however, been made by Durand and Sutherland (1973) , who found that the extrapolation number of Chinese hamster V79-171B cells in plateau phase is not similar to that of exponential phase cells synchronized in GI. The results of our experiments therefore do not necessarilv indicate that EMT6 cells in the G 1 phase of the cell cycle have a similar shoulder to the asynchronous exponential population.
Our results for BLM sensitivity possibly provide a link between the results of various groups of workers for the response of plateau phase cells to this agent. The results available in the literature are summarized in Table II .
At Days 4 and 6 in our experiments, when the cell number is already at the plateau level, the labelling index of the cells is 25% and cell production is balanced by cell loss (Twentyman et al., 1975) . At this time about 7000 of the cells are located in a pre-synthetic phase of the cell cycle (Twentyman and Bleehen, 1973) . Using Chinese hamster cells, Barranco et al. (1973) have found that the sensitivity to BLM is least during Gl. If, therefore, the same applies to the IEMT6 cells used here, then the low sensitivity to BLM at Days 4 and 6 may be explained on the basis of cell age distribution.
We do not, however, have any explanation for the increased sensitivity of our cells at later times in plateau phase. Examination of the data shown in Table  II does not reveal any clear dependence of BLM sensitivity upon either the proliferation rate of the population (as expressed by the pulse labelling index) or the state of viability (as expressed by the plating efficiency). It must be realized, however, that these are only two parameters among many which may be expected to change with increasing time of cells in plateau phase. Two parameters which may be of particular relevance are the level of drug uptake and the efficiency of damage repair mechanisms. It is of interest to note that although BLM acts, at least in part, by causing DNA breaks (Terasima, Yakakawa and Umezawa, 1970) , there is no apparent correlation between the sensitivity to this drug and the sensitivity to x-irradiation. The response to BLM of EMT6 cells growing as a solid tumour in Balb C mice is very much greater than that which could have been predicted from the results obtained from studies using cells in culture (Hahn et al., 1973; Twentyman and Bleehen, 1974) . This would perhaps suggest that the response of cells in the solid tumour is more akin to the response of late plateau phase cells in culture than to the response of exponentially growing cells. We are currently investigating whether or not this finding holds also for other drugs. If this were generally so, it would imply that late nonproliferative cells in our in vitro system represent the best model for the sensitivity of cells in the solid tumour.
Our finding of a complex plateau phase with a constant cell number but great changes in kinetic parameters (Twentyman et al., 1974) will, we hope, cause other investigators to study in more detail the kinetics of plateau phase in the cell lines which they are using. In our earlier study of the action of BLM on plateau phase cells (Twentyman and Bleehen, 1973) , we were inoculating our plateau phase cultures at a high cell number (1-5 x 106) and carrying out our experiments only 2 days after the cell number had reached the plateau value. We now know that this method gave us only one part of the data which we report here.
Most of the other studies of plateau phase cells reported in the literature have been carried out at a single, arbitrarily selected time after the attainment of plateau cell numbers, and usually only between 2 and 6 days afterwards. It seems at least possible that the results obtained in these studies do not tell the full story, and that a check should always be made of the relative response of late and early plateau plhase cells.
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